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Bound gravitational waves in a dielectric medium and a constant magnetic field
A.N. Morozov,1, ∗ V.I. Pustovoit,1, 2, † and I.V. Fomin1, ‡
1Department of Physics, Bauman Moscow State Technical University, Moscow, 105005, Russia
2Scientific and Technological Centre of Unique Instrumentation of the Russian Academy of Sciences, Moscow, 117342, Russia
A description is made of the process of excitation of bound longitudinal-transverse gravitational
waves during the propagation of electromagnetic waves in a dielectric medium. It is shown that
the speed of such gravitational waves is less than the speed of light in a vacuum and coincides
with the speed of an electromagnetic wave in matter. A description of the propagation of a bound
gravitational waves in a dielectric in the presence of a constant magnetic field is suggested as well.
It is claimed that these gravitational waves in a dielectric medium are forced ones and they cannot
exist in a free state.
I. INTRODUCTION
The problem of describing the gravitational field induced by electromagnetic waves has been considered previously
in a fairly large number of works [1–12]. Also, the excitation of gravitational waves when a strong electromagnetic wave
propagates in empty space is considered in the works [13–20]. In these works, it was shown that an electromagnetic
wave excites a gravitational wave having a propagation velocity that coincides with the speed of an electromagnetic
wave in a vacuum. The equality of the speeds of electromagnetic and gravitational waves in empty space is confirmed
experimentally [21–24].
Also, in [25–34] it was shown that when an electromagnetic wave propagates in a strong constant magnetic field,
a transverse gravitational wave with a linearly increasing amplitude increases from distance. Moreover, the speed
of such a gravitational wave also coincides with the speed of light in a vacuum. Thus, the analysis of generation of
gravitational waves by standing electromagnetic waves in resonators with a dielectric medium [16, 18, 35] turns out
to be limited to the case of excitation of transverse gravitational waves propagating with the speed of light in empty
space.
The aim of this work is to describe the bound longitudinal-transverse gravitational waves which induced by a strong
electromagnetic wave in a dielectric medium in the presence of a strong constant magnetic field and without such a
field. A analysis of the longitudinal-transverse gravitational waves coupled with an electromagnetic wave in vacuum
was presented earlier in [19, 20].
To consider a coupled plane gravitational wave in the direction, we will use the Einstein-Maxwell equations which
describe the gravitational field created by the electromagnetic field [36–38]
Rµν =
8piG
c4
(
Tµν − 1
2
gµνT
)
, (1)
where G is the gravitational constant, c is the velocity of light in vacuum, T = gµνTµν and µ, ν = 0, 1, 2, 3.
One can also write equation (1) as
Rµν =
8piG
c4
T˜µν , (2)
where the reduced energy-momentum tensor T˜µν is
T˜µν = Tµν − 1
2
gµνT. (3)
For weak gravitational fields, the space-time metric gµν is reduced to the case of Minkowski space-time with a small
perturbations gµν = ηµν + hµν , where |hµν | ≪ 1 [36–38]. Thus, the basis of the analysis is the direct solution of
equations (2) for the perturbed Minkowski space-time and reduced energy-momentum tensor of the electromagnetic
wave (3), taking into account the contribution of the dielectric medium.
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2The article is organized as follows: in section II the energy-momentum tensor of the electromagnetic field is
determined taking into account the dielectric medium and the case of a linear dependence of the permittivity on
the density of matter is considered. Section III presents the Einstein-Maxwell equations for an electromagnetic
wave passing through a dielectric. In Sec. IV the gravitational-wave solutions of the Einstein-Maxwell equations
corresponding to an electromagnetic wave in dielectric media are presented. It is noted that these solutions were
obtained beyond the harmonic gauge. However, with the passage to the limit to empty space, the harmonic gauge
is satisfied. The components of the energy-momentum tensor of electromagnetic wave in the presence of a constant
magnetic field are defined in Sec. V. Based on this energy-momentum tensor, in Sec. VI the solutions that describe
bound gravitational waves in a dielectric medium are obtained. It is also noted that these solutions for transverse
gravitational-wave components in a dielectric media generalize the known ones in empty space. In conclusion, the
results of this study are discussed.
II. THE ENERGY-MOMENTUM TENSOR FOR PROPAGATING ELECTROMAGNETIC WAVE IN A
DIELECTRIC MEDIUM
Let a plane harmonic electromagnetic wave be emitted from a point x = 0 in the direction of the axis x1 = x in a
medium with dielectric constant ε and magnetic one µ = 1.
The expressions for the electric and magnetic fields for such a wave are
Ey = E0 cos
(
ω
(
t− nx
c
))
, (4)
Hz = H0 cos
(
ω
(
t− nx
c
))
, (5)
where the refractive index of the medium n =
√
ε, and the amplitudes of the electric E0 and magnetic H0 fields are
related as
H0 =
√
εE0 = nE0. (6)
The nonzero components of the energy-momentum tensor Tµν for this case are [39]
T00 =
1
8pi
(
εE2y +H
2
z
)
=
n2E20
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
, (7)
T01 = T10 = − 1
4pi
εEyHz = −nE
2
0
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
, (8)
Tαα =
1
4pi
[
−εEαEα −HαHα + 1
2
(
ε− ρ
(
∂ε
∂ρ
)
T0
)(
E2y +
H2z
ε
)]
, (9)
where α = 1, 2, 3.
The last expression (9) demonstrates the fact that not only the electromagnetic field, but also the dielectric medium
contributes to the stress tensor Tαα. Also, in the expression (9), it is taken into account that when calculating the
tensor Tαα, it is necessary to consider the dependence of the dielectric constant ε from the density of matter ρ for a
constant temperature T0 [39].
For gases, this dependence has a simple form
ε = 1 + κρ, (10)
where κ is a constant depending on the chemical composition of a gas.
If the dependence of the dielectric constant of a medium on its density satisfies relation (10), then one can obtain
following expressions for the components of the energy-momentum tensor
T11 =
E20
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
, (11)
T22 = T33 =
(1− n2)E20
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
, (12)
Also, we note that expressions (7), (8), (11) and (12) for the components of the energy-momentum tensor satisfy
the conservation laws
∂T µν
∂xν
=
∂(ηµσηνλTσλ)
∂xν
= 0. (13)
3Formulas (7), (11) and (12) allow one to find the expression for the scalar T in the case of a small curvature of
space-time
T = ηµνT
µν = T00 − T11 − T22 − T33 = 3(n
2 − 1)E20
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
. (14)
Then, using expressions (3), (7), (11), (12) and (14), we obtain
T˜00 =
(3− n2)E20
16pi
(
1 + cos
(
2ω
(
t− nx
c
)))
, (15)
T˜11 =
(3n2 − 1)E20
16pi
(
1 + cos
(
2ω
(
t− nx
c
)))
, (16)
T˜22 = T˜33 =
(n2 − 1)E20
16pi
(
1 + cos
(
2ω
(
t− nx
c
)))
, (17)
also, taking into account the expression (8), one has T˜01 = T˜10 = T01 = T10.
III. THE EINSTEIN-MAXWELL EQUATIONS FOR AN ELECTROMAGNETIC WAVE IN A
DIELECTRIC MEDIUM
When describing the propagation of a plane gravitational wave in direction x1 = x, the Einstein-Maxwell equations
have the following form [19]
−∂
2h11
c2∂t2
+ 2
∂2h01
c∂t∂x
− ∂
2h00
∂x2
+
∂2h22
c2∂t2
+
∂2h33
c2∂t2
=
16piG
c4
T˜00, (18)
∂2h11
c2∂t2
− 2 ∂
2h01
c∂t∂x
+
∂2h00
∂x2
+
∂2h22
∂x2
+
∂2h33
∂x2
=
16piG
c4
T˜11, (19)
∂2h22
c∂t∂x
+
∂2h33
c∂t∂x
=
16piG
c4
T˜01, (20)
∂2h22
∂x2
− ∂
2h22
c2∂t2
=
16piG
c4
T˜22, (21)
∂2h33
∂x2
− ∂
2h33
c2∂t2
=
16piG
c4
T˜33, (22)
where the condition h01 = h10 was used.
Addition of (18) and (19) gives
∂2h˜
c2∂t2
+
∂2h˜
∂x2
=
16piG
c4
(T˜00 + T˜11), (23)
where
h˜ = h22 + h33. (24)
The system of equations (20 )–(23), taking into account the notation (24), can be noted in following form
∂2h˜
c∂t∂x
= −2nGE
2
0
c4
(
1 + cos
(
2ω
(
t− nx
c
)))
, (25)
∂2h˜
∂x2
+
∂2h˜
c2∂t2
=
2
(
n2 + 1
)
GE20
c4
(
1 + cos
(
2ω
(
t− nx
c
)))
, (26)
∂2h22
∂x2
− ∂
2h22
c2∂t2
=
(
n2 − 1)GE20
c4
(
1 + cos
(
2ω
(
t− nx
c
)))
, (27)
∂2h33
∂x2
− ∂
2h33
c2∂t2
=
(
n2 − 1)GE20
c4
(
1 + cos
(
2ω
(
t− nx
c
)))
, (28)
which allows one to obtain the components h22, h33 and function h˜.
4IV. BOUND GRAVITATIONAL WAVE IN A DIELECTRIC MEDIUM
When taking into account only the components that describe the gravitational wave with frequency 2ω, from
equations (25)–(28), one has the following solutions
h22 = h33 = − GE
2
0
4c2ω2
cos
(
2ω
(
t− nx
c
))
, (29)
h˜ = h22 + h33 = − GE
2
0
2c2ω2
cos
(
2ω
(
t− nx
c
))
. (30)
Substituting solution (30) into equation (19) taking into account (16) allows one to write the equation for the
components h00, h01 = h10 and h11. Taking into account only the wave components of the coupled gravitational wave
for the frequency 2ω, one has
∂2h11
c2∂t2
− 2 ∂
2h01
c∂t∂x
+
∂2h00
∂x2
=
(
n2 − 1)GE20
c4
cos
(
2ω
(
t− nx
c
))
. (31)
The solution to this equation has the following form
h00 = −GE
2
0
2c3ω
x sin
(
2ω
(
t− nx
c
))
+
GE20
4c2ω2
cos
(
2ω
(
t− nx
c
))
, (32)
h01 = h10 =
nGE20
2c3ω
x sin
(
2ω
(
t− nx
c
))
− nGE
2
0
4c2ω2
cos
(
2ω
(
t− nx
c
))
, (33)
h11 = −n
2GE20
2c3ω
x sin
(
2ω
(
t− nx
c
))
+
GE20
4c2ω2
cos
(
2ω
(
t− nx
c
))
. (34)
From the obtained solutions (29) and (32)–(34) it follows that the speed of a coupled gravitational wave propa-
gating in a medium with a dielectric is less than the speed of light in empty space and is equal to the speed of an
electromagnetic wave vg = ve = c/n.
The gravity wave energy flux density ct01 can be calculated by the formula
ct01 = − c
5
32piG
(
∂h00
∂x0
∂h00
∂x1
− ∂h10
∂x0
∂h01
∂x1
− ∂h01
∂x0
∂h10
∂x1
+
∂h11
∂x0
∂h11
∂x1
+
∂h22
∂x0
∂h22
∂x1
+
∂h33
∂x0
∂h33
∂x1
)
. (35)
Substitution of expressions (29) and (32)–(34) into formula (35), taking into account the condition x ≫ ω
c
, gives
that, as a first approximation, one can obtain an expression for the energy flux density of a gravitational wave as
ct01 =
n
(
n2 − 1)2GE40
32pic3
x2cos2
(
2ω
(
t− nx
c
))
. (36)
We note that for n→ 1 the energy flux density of the gravitational wave becomes equal to zero ct01 = 0.
It should be noted that solutions (29) and (32)–(34) don’t satisfy the requirement of harmonic gauge [36–38]
∂
∂xν
(
ηνσhσµ − 1
2
δνµh
)
= 0, (37)
where
h = h00 − h11 − h22 − h33 =
(
n2 − 1)GE20
2c3ω
x sin
(
2ω
(
t− nx
c
))
− GE
2
0
2c2ω2
cos
(
2ω
(
t− nx
c
))
. (38)
Then from expression (37), taking into account (38), one can obtain
∂
c∂t
(
h00 − 1
2
h
)
− ∂h10
∂x
=
(
n2 − 1)GE20
2c4
x cos
(
2ω
(
t− nx
c
))
+
n (n− 1)GE20
2c3ω
sin
(
2ω
(
t− nx
c
))
, (39)
∂h01
c∂t
− ∂
∂x
(
h11 +
1
2
h
)
=
n
(
1− n2)GE20
2c4
x cos
(
2ω
(
t− nx
c
))
+
(n− 1)2GE20
2c3ω
sin
(
2ω
(
t− nx
c
))
. (40)
Since the right-hand sides of these expressions are not equal to zero, harmonic gauge (37) for solutions (29) and
(32)–(34) is violated. For the case n→ 1, the right-hand sides of expressions (39) and (40) turn to zero, which implies
that for the case of propagation of a coupled gravitational wave in empty space, the conditions of a harmonic gauge
are not violated.
5V. THE ENERGY-MOMENTUM TENSOR IN THE PRESENCE OF A CONSTANT MAGNETIC FIELD
Let a plane harmonic electromagnetic wave be emitted from a point x = 0 in the direction of the axis x1 = x in
a medium with dielectric constant ε and magnetic one µ = 1, which propagates in a constant magnetic field with
induction H00 having a direction along the axis x
3 = z. Then expressions (4) and (5) for the electric and magnetic
field intensities take the form
Ey = E0 cos
(
ω
(
t− nx
c
))
, (41)
Hz = H0 cos
(
ω
(
t− nx
c
))
+H00. (42)
The non-zero components of the energy-momentum tensor Tµν for the case under consideration have the following
form
T00 =
1
8pi
(
εE2y +H
2
z
)
=
n2E20
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
+
1
8pi
(
H200 + 2nE0H00 cos
(
ω
(
t− nx
c
)))
, (43)
T01 = T10 = − 1
4pi
εEyHz − 1
4pi
EyH00 = −nE
2
0
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
− E0H00
4pi
cos
(
ω
(
t− nx
c
))
, (44)
T11 =
1
8pi
(
E2y +
H2z
ε
)
=
E20
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
+
1
8pi
(
H200
n2
+
2E0H00
n
cos
(
ω
(
t− nx
c
)))
, (45)
T22 =
1
8pi
(
E2y +
H2z
ε
)
− 1
4pi
εE2y =
(
1− n2)E20
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
+
1
8pi
(
H200
n2
+
2E0H00
n
cos
(
ω
(
t− nx
c
)))
, (46)
T33 =
1
8pi
(
E2y +
H2z
ε
)
− 1
4pi
H2z =
(
1− n2)E20
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
+
1
8pi
(
1− 2n2
n2
H200 +
2
(
1− 2n2)E0H00
n
cos
(
ω
(
t− nx
c
)))
. (47)
We also note that the energy-momentum tensor with components (43)–(47) satisfies the conservation laws (13).
Formulas (43), (45)–(47), in this case, gives the following expression for the scalar T in the case of a small curvature
of space-time
T = ηµνT
µν = T00 − T11 − T22 − T33 =
3
(
n2 − 1)E20
8pi
(
1 + cos
(
2ω
(
t− nx
c
)))
+
1
8pi
(
3
(
n2 − 1)
n2
H200 +
6
(
n2 − 1)
n
E0H00 cos
(
ω
(
t− nx
c
)))
. (48)
Then, using expressions (3), (43), (45)–(48) one has
T˜00 =
(
3− n2)E20
16pi
(
1 + cos
(
2ω
(
t− nx
c
)))
+
1
8pi
(
3− n2
2n2
H200 +
3− n2
n
E0H00 cos
(
ω
(
t− nx
c
)))
, (49)
T˜11 =
(
3n2 − 1)E20
16pi
(
1 + cos
(
2ω
(
t− nx
c
)))
+
1
8pi
(
5n2 − 3
2n2
H200 +
3n2 − 1
n
E0H00 cos
(
ω
(
t− nx
c
)))
, (50)
T˜22 =
(
n2 − 1)E20
16pi
(
1 + cos
(
2ω
(
t− nx
c
)))
+
1
8pi
(
5n2 − 3
2n2
H200 +
3n2 − 1
n
E0H00 cos
(
ω
(
t− nx
c
)))
, (51)
T˜33 =
(
n2 − 1)E20
16pi
(
1 + cos
(
2ω
(
t− nx
c
)))
+
1
8pi
(
−n
2 + 1
2n2
H200 −
n2 + 1
n
E0H00 cos
(
ω
(
t− nx
c
)))
, (52)
and, taking into account the expression (44), one has T˜01 = T˜10 = T01 = T10.
Thus, after substituting the components of the momentum energy tensor (49)–(52) into the Einstein-Maxwell
equations (18)–(23), one can find gravitational-wave solutions using an approach similar to that considered in Sec.
IV.
6VI. BOUND GRAVITATIONAL WAVES IN A DIELECTRIC MEDIUM AND A CONSTANT
MAGNETIC FIELD
Formulas (18)–(23) allow one to write down the system of Einstein-Maxwell equations for finding the components
h22, h33 and the function h˜ for the propagation of an electromagnetic wave in a dielectric medium in a constant
magnetic field on the basis of equations
∂2h˜
c∂t∂x
= −2nGE
2
0
c4
(
1 + cos
(
2ω
(
t− nx
c
)))
− 4GE0H00
c4
cos
(
ω
(
t− nx
c
))
, (53)
∂2h˜
∂x2
+
∂2h˜
c2∂t2
=
2
(
n2 + 1
)
GE20
c4
(
1 + cos
(
2ω
(
t− nx
c
)))
+
4G
c4
(
H200 +
(
n2 + 1
)
E0H00
n
cos
(
ω
(
t− nx
c
)))
, (54)
∂2h22
∂x2
− ∂
2h22
c2∂t2
=
(
n2 − 1)GE20
c4
(
1 + cos
(
2ω
(
t− nx
c
)))
+
2G
c4
(
5n2 − 3
2n2
H200 +
(
3n2 − 1)E0H00
n
cos
(
ω
(
t− nx
c
)))
, (55)
∂2h33
∂x2
− ∂
2h33
c2∂t2
=
(
n2 − 1)GE20
c4
(
1 + cos
(
2ω
(
t− nx
c
)))
+
2G
c4
(
−n
2 + 1
2n2
H200 −
(
n2 + 1
)
E0H00
n
cos
(
ω
(
t− nx
c
)))
. (56)
The solution of equations (53)–(56) for the case of describing only gravitational waves at a frequency ω gives
h22 = − 4nGE0H00
(n2 − 1) c2ω2
(
cos
(
ω
(
t− nx
c
))
− cos
(
ω
(
t− x
c
)))
− 2GE0H00
nc2ω2
cos
(
ω
(
t− nx
c
))
, (57)
h33 =
4nGE0H00
(n2 − 1) c2ω2
(
cos
(
ω
(
t− nx
c
))
− cos
(
ω
(
t− x
c
)))
− 2GE0H00
nc2ω2
cos
(
ω
(
t− nx
c
))
, (58)
h˜ = h22 + h33 = −4GE0H00
nc2ω2
cos
(
ω
(
t− nx
c
))
. (59)
The first terms in formulas (57) and (58) are equal to each other, but have the opposite sign. They describe a
transverse gravitational wave in a dielectric medium. From these expressions it follows that during the propagation
of an electromagnetic wave in a dielectric and in a constant magnetic field, gravitational waves are excited with
propagation velocities equal to both the speed of light in a dielectric vg = ve = c/n and the speed of light in vacuum
vg = c.
Substituting solution (59) into equation (19) taking into account (50) allows one to write the equations for the
components h00, h01 = h10 and h11, taking into account only the wave components of the coupled gravitational wave
in the following form
∂2h11
c2∂t2
− 2 ∂
2h01
c∂t∂x
+
∂2h00
∂x2
=
2
(
n2 − 1)GE0H00
nc4
cos
(
ω
(
t− nx
c
))
. (60)
The solution to this equation has the form
h00 = −2GE0H00
nc3ω
x sin
(
ω
(
t− nx
c
))
+
2GE0H00
nc2ω2
cos
(
ω
(
t− nx
c
))
, (61)
h01 = h10 =
2GE0H00
c3ω
x sin
(
ω
(
t− nx
c
))
− 2GE0H00
c2ω2
cos
(
ω
(
t− nx
c
))
, (62)
h11 = −2nGE0H00
c3ω
x sin
(
ω
(
t− nx
c
))
+
2GE0H00
nc2ω2
cos
(
ω
(
t− nx
c
))
. (63)
It follows from the obtained solutions (57), (58) and (61)–(63) that the speed of a coupled gravitational wave in a
dielectric medium propagating in a constant magnetic field is less than the speed of light in empty space and is equal
to the speed of an electromagnetic wave vg = ve = c/n.
7Substitution of expressions (57), (58) and (61)–(63) into formula (35) under the condition x≫ ω
c
allows, as a first
approximation, to obtain the expression for the energy flux density of the gravitational wave
ct01 =
(
n2 − 1)2GE20H200
8pinc3
x2cos2
(
ω
(
t− nx
c
))
+
n2GE20H
2
00
pi(n2 − 1)2cω2
(
sin
(
ω
(
t− nx
c
))
− sin
(
ω
(
t− x
c
)))(
n sin
(
ω
(
t− nx
c
))
− sin
(
ω
(
t− x
c
)))
. (64)
We also note, that when n→ 1, the energy flux density of the gravitational wave equal to
ct01 =
GE20H
2
00
4pic3
x2cos2
(
ω
(
t− x
c
))
. (65)
As one can see, solutions (57), (58) and (61)–(63) don’t satisfy the harmonic gauge (37), namely
∂
c∂t
(
h00 − 1
2
h
)
− ∂h10
∂x
=
(
n2 − 1)GE0H00
nc4
x cos
(
ω
(
t− nx
c
))
+
2 (n− 1)GE0H00
c3ω
sin
(
ω
(
t− nx
c
))
, (66)
∂h01
c∂t
− ∂
∂x
(
h11 +
1
2
h
)
=
(
1− n2)GE0H00
c4
x cos
(
ω
(
t− nx
c
))
+
2(n− 1)2GE0H00
c3ω
sin
(
ω
(
t− nx
c
))
. (67)
where
h = h00 − h11 − h22 − h33 =
2
(
n2 − 1)GE0H00
nc3ω
x sin
(
ω
(
t− nω
c
))
+
4GE0H00
nc2ω2
cos
(
ω
(
t− nω
c
))
. (68)
Since the right-hand sides of these expressions are not equal to zero, harmonic gauge (37) for solutions (57), (58)
and (61)–(63) is violated. However, for the case n→ 1, the right-hand sides of expressions (66) and (67) turn to zero,
which implies that for the case of propagation of a coupled gravitational wave in empty space, the conditions of a
harmonic gauge are satisfied.
Expressions (57) and (58) allow one to consider the limiting case when n→ 1 corresponding to empty space where
the components h22 = −h33 [36–38]. Thus, from the first terms of formulas (57) and (58) after calculating the
uncertainty we obtain
h22 = −h33 = − 4nGE0H00
(n+ 1) c2ω2
cos
(
ω
(
t− nx
c
))− cos (ω (t− x
c
))
n− 1
∣∣∣∣∣
n→1
= −2GE0H00
c3ω
x sin
(
ω
(
t− x
c
))
. (69)
Formula (69) coincides with the well-known expression obtained when calculating the propagation of an electro-
magnetic wave in a constant magnetic field in empty space [32]. Therefore, the obtained solutions for the transverse
gravitational-wave components are a generalization of previously known ones to the case of dielectric media with a
permittivity (10). We also note that the substitution of formula (69) into (35) for x≫ ω
c
leads to expression (65).
VII. CONCLUSION
The description of the propagation of a bound longitudinal transverse gravitational wave excited by a strong
electromagnetic wave propagating in a dielectric medium both without a constant magnetic field and in the presence
of this field carried out in this work showed that the speed of such a gravitational wave differs from the speed of light
in an empty space and is equal to the speed of the electromagnetic wave in a medium with a dielectric vg = ve = c/n.
In the presence of a constant magnetic field, transverse gravitational waves propagating with the speed of light in a
vacuum vg = c are excited as well.
The bound gravitational waves in a dielectric medium can be attributed to the class of forced waves that exist
due to propagation of forcing electromagnetic waves. Such a waves cannot exist in a dielectric medium without the
presence of electromagnetic waves generating them.
It should be noted that the formulas obtained to describe the propagation of an electromagnetic wave in a dielectric
medium without a constant magnetic field for n → 1 go over into the expressions given in [19] for the case of a
gravitational wave coupled with electromagnetic one in empty space.
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